Study Design. A retrospective cohort study. Objective. To clarify the influence of cervical spondylolisthesis on neurological outcomes in cervical spondylotic myelopathy (CSM) patients after cervical laminoplasty. Summary of Background Data. Studies focusing on the surgical outcomes in CSM patients with cervical spondylolisthesis are limited. Methods. We retrospectively reviewed 125 CSM patients after cervical laminoplasty. Neurological outcomes were evaluated by calculating the Japanese Orthopedic Association (JOA) recovery rate at 2 years after surgery. We defined anterolisthesis as a more than 3-mm anterior vertebral displacement in a flexion radiograph and retrolisthesis as a more than 3-mm posterior vertebral displacement in an extension radiograph. We further assessed potential risk factors for poor neurological outcomes after cervical laminoplasty, including cervical alignment, degree of spinal cord compression, duration of myelopathic symptoms, diabetes mellitus, and preoperative JOA score. Multivariate logistic regression analysis was performed to investigate the risk factors for poor outcomes (JOA recovery rate <50%) after cervical laminoplasty. Results. Our study included 86 men and 39 women with mean age of 64 (range, 30-89) years. Average JOA scores were 9.9 and 13.3 points before and at 2 years after surgery, respectively. Average recovery rate was 47.2% (range, À68% to 100%), with 62 patients having poor outcomes (JOA recovery rate <50%) at 2 years after surgery. Anterolisthesis and retrolisthesis were observed in 13 and 24 patients, respectively. Multivariate logistic regression analysis revealed that the anterolisthesis was a significant risk factor for poor outcomes (JOA recovery rate <50%) after cervical laminoplasty (P ¼ 0.01), whereas retrolisthesis did not affect the neurological outcomes (P ¼ 0.6). Conclusion. Anterolisthesis, but not retrolisthesis, is a significant risk factor for and predictor of poor neurological outcomes after cervical laminoplasty. Cervical laminoplasty should not be considered in CSM patients with anterolisthesis.
C ervical degenerative spondylolisthesis has received insufficient attention compared with lumbar spondylolisthesis. 1 Cervical degenerative spondylolisthesis is more prevalent than it was previously thought to be, and the overall prevalence of cervical spondylolisthesis has been reported to be 5.2% to 11%. [2] [3] [4] Degenerative cervical spondylolisthesis is an important factor that causes cervical spondylotic myelopathy (CSM) 5 and the pathogenesis of cervical degenerative spondylolisthesis is associated with disc degeneration and facet joints arthropathy. 6 Cervical spondylolisthesis is an indicator of instability 7 and thus arthrodesis has been frequently performed to stabilize spondylolisthesis and prevent the progression of deformity. Good outcomes have been reported in patients with cervical degenerative spondylolisthesis after arthrodesis such as anterior cervical decompression and fusion or posterior cervical decompression and fusion. 3, [8] [9] [10] Conversely, several studies reported that most cervical spondylolisthesis cases stabilize after cervical laminoplasty, and cervical spondylolisthesis does not affect the neurological outcomes after cervical laminoplasty. 7, 11 Several risk factors for poor outcomes after cervical laminoplasty have been identified, including age, duration of myelopathic symptoms, diabetes, degree of cervical canal stenosis, and cervical alignment 12 ; however, few studies focused on the surgical outcomes after cervical laminoplasty in CSM patients with cervical spondylolisthesis. 7, 13 Thus, whether cervical
MATERIALS AND METHODS

Patients
We retrospectively reviewed data prospectively collected from 158 CSM patients treated by cervical laminoplasty at our institute from January 1991 to June 2012. We did not include patients with a history of anterior decompression and fusion, ossification of posterior longitudinal ligament (OPLL), cerebral palsy, exacerbation of CSM due to trauma, cervical spondylotic amyotrophy, polio, congenital anomaly of cervical spine, and/or rheumatoid arthritis. We further excluded 33 patients because of short follow-up (<2 years; n ¼ 17), incomplete chart data (n ¼ 11), and lack of radiological data (n ¼ 5). Finally, 125 CSM patients (86 men and 39 women) were enrolled in this study. The study protocol was approved by the Clinical Research Support Center of the University of Tokyo Hospital. All participating patients provided their written informed consent. CSM was diagnosed on the basis of neurological examination by board-certified spine surgeons and magnetic resonance imaging (MRI) findings. Double-door laminoplasty by midsagittal splitting of the spinous process as described by Kurokawa et al. 15 was performed in all patients with following usage of neck collar for 1 to 2 weeks (C3-C7, 83 cases; C2-C7, 27 cases; C3-T1, 6 cases; C3-C6, 4 cases; C2-6, 3 cases; C2-T1, 1 case; C4-C7, 1 case).
Clinical Outcomes
Preoperative and postoperative neurological status at 2 years after surgery was evaluated using Japanese Orthopedic Association (JOA) scores (total points ¼ 17), 16 and the recovery rate at 2 years after surgery (%) was calculated according to the following formula: (postoperative JOA score À preoperative JOA score)/(17 À preoperative JOA score) Â 100. 17 As reported previously, [18] [19] [20] [21] we divided the patients into two groups based on the JOA recovery rate: effective group (JOA recovery rate !50%) and non-effective group (JOA recovery rate <50%).
Radiological Evaluation
X-ray Flexion-extension lateral radiographs were taken at a 1.5-m film focus distance for each patient both preoperatively and at 2 years after surgery. We examined the presence of spondylolisthesis at the responsible level of CSM, determined by preand postoperative MRI. As reported previously, 7, 22 we defined anterolisthesis as more than 3 mm of anterior vertebral displacement in relation to a vertebral body below via a flexion radiograph, whereas retrolisthesis was defined as more than 3 mm of posterior displacement on an extension radiograph. The displacement in anterolisthesis was measured by the distance from the posterosuperior corner of the caudal vertebral body to the tangential line along the posterior border of cranial vertebral body ( Figure 1 ). The displacement in retrolisthesis was measured by the distance from the posteroinferior corner of cranial vertebral body to the tangential line along the posterior border of caudal vertebral body ( Figure 1) . As for instability, we defined anteroposterior translation being more than 3 mm on flexion/extension radiographs as anteroposterior instability positive. 23 The degree of displacement and anteroposterior translation on flexion/extension radiographs were measured both preoperatively and at 2 years after surgery.
The C2-C7 angle, determined by tangential lines on the posterior edge of the C2 and C7 body, was measured on lateral radiographs in the neutral position ( Figure 2A) . A C2-C7 angle of less than 08 was defined as cervical kyphosis. 24 The angle between the lines drawn at the posterior margin of the most cranial and caudal vertebral bodies forming the maximum local kyphosis was determined as the local kyphosis angle ( Figure 2B ). Local kyphosis angle of more than 58 was defined as local kyphosis. 20 
MRI
All patients underwent MRI both preoperatively and postoperatively within 2 weeks after surgery. The responsible level of CSM was determined on the basis of intramedullary signal change detected by either preoperative or postoperative MRI. In cases without signal change, the responsible level was determined on the basis of both level of most severe cord compression and neurological findings. The degree of cervical spinal cord compression was evaluated by calculating maximum spinal cord compression (MSCC) using midsagittal T2-weighted MRI. 25 MSCC is a reliable radiological measure for quantifying the degree of cord compression in CSM patients. 26 MSCC was calculated using the following equation:
In the above equation di is the anteroposterior cord diameter at the responsible level of CSM, da is the anteroposterior cord diameter at the nearest normal level above the responsible level, and db is the anteroposterior cord diameter at the nearest normal level below the responsible level. A higher MSCC indicates that the patient has more severe cervical spinal cord compression.
Computed Tomography
The presence of OPLL was assessed by 3-dimensional computed tomography. Cases in which distinguishing OPLL and a bony spur was difficult were not defined as OPLL. Moreover, OPLL patients were excluded from this study.
Other Data Collected
Other demographic variables that could potentially affect neurological outcomes, including the duration of myelopathic symptoms and diabetes mellitus were examined. 12 The duration of myelopathic symptoms of more than 12 months was categorized as long duration, whereas duration of 12 months or less was categorized as short duration.
Statistical Analysis
Differences in both radiological and clinical variables between effective group and non-effective group were compared. Radiological variables included anterolisthesis, retrolisthesis, anteroposterior instability, local kyphosis, cervical kyphosis, intramedullary high signal intensity on T2-weighted MRI, and MSCC. Demographic variables included age, sex, duration of myelopathic symptoms (short or long), diabetes mellitus, and preoperative JOA score. For continuous variables, two-group comparisons were performed using the Student t test or the Wilcoxon rank-sum test. Categorical variables were compared between the two groups using the chi-squared test or Fisher exact probability test. Multiple logistic regression model yielding odds ratios (ORs) and 95% confidence intervals (CIs) was used to identify significant predictors of non-effective results (JOA recovery rate <50%). Variables with a P value of < 0.20 in univariate analyses were entered into the multiple logistic regression model. Data analyses were performed using the JMP software, version 9.0 (SAS Institute, Inc., Cary, NC); a P value of < 0.05 was considered significant. All tests were two-tailed.
RESULTS
Demographic Data
Mean age at surgery was 64 (range, 30-89) years. Average duration of myelopathic symptoms was 32 (range, 3-240) months and long duration of myelopathic symptoms was observed in 62 patients. There were no significant differences in baseline characteristics between CSM patients included (n ¼ 125) and those excluded due to incomplete data (n ¼ 33).
Surgical Outcomes
Average JOA score was 9.9 (range, 4-15) points before surgery and 13.3 (range, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] points at 2 years after surgery. Average JOA recovery rate 2 years after surgery was 47.2% (range, À68% to 100%) with 63 patients in effective group (JOA recovery rate !50%), whereas 62 patients were in the non-effective group (JOA recovery rate <50%).
Radiological Results
A total of 119 patients had intramedullary high signal intensity on T2-weighted MRI. Average MSCC was 31.8% (range, À13.6% to 67.7%). Average C2-C7 angle was 11.68 of lordosis (range, 16.48 of kyphosis to 38.68 of lordosis) and cervical kyphosis with C2-C7 angle less than 08 was observed in 20 patients. Local kyphosis more than 58 was detected in 18 patients. Anterolisthesis and retrolisthesis were observed in 13 and 24 patients, respectively. Anteroposterior instability on flexion/extension radiographs was observed in 28 patients. In anterolisthesis patients, average degree of displacement decreased from 4.0 mm before surgery to 3.0 mm at 2 years after surgery, whereas anteroposterior translation decreased from 3.6 mm to 0.9 mm (P ¼ 0.01 and < 0.0001, respectively, paired t test). In retrolisthesis patients, average degree of displacement decreased from 4.4 mm before surgery to 4.0 mm at 2 years after surgery, whereas anteroposterior translation decreased from 2.8 mm to 0.8 mm (P ¼ 0.08 and <0.0001, respectively, paired t test). No progression of spondylolisthesis with more than 1 mm at 2 years after surgery was observed in both anterolisthesis and retrolisthesis patients ( Figure 3A, B) . Table 1 shows the results of differences in each variable between the effective and non-effective groups. Patients in the non-effective group were significantly older than those in the effective group (P < 0.001). Anterolisthesis was observed significantly more often in the noneffective group (P < 0.005). Frequencies of retrolisthesis and anteroposterior instability were not significantly different between the two groups (P ¼ 0.71 and 0.67, respectively).
Multivariate Logistic Regression Analysis of the Variables for Poor Neurological Outcomes (JOA Recovery Rate <50%) After Cervical Laminoplasty
Considering the results of univariate analyses, age, sex, duration of myelopathic symptoms (short or long), diabetes mellitus, and spondylolisthesis (none, anterolisthesis, or A, Preoperative dynamic radiographs revealed instability at C5-6 in a 72-year-old man with anterolisthesis. Two years after cervical laminoplasty, the degree of spondylolisthesis did not progress and anteroposterior translation decreased. JOA score improved from 12 to 13, and JOA recovery rate was 33.3%. B, Preoperative dynamic radiographs revealed instability at C3-4 in a 60-year-old man with retrolisthesis.Two years after cervical laminoplasty, the degree of spondylolisthesis did not progress and anteroposterior translation decreased. JOA score improved from 10 to 15, and JOA recovery rate was 71.4%. JOA indicates Japanese Orthopedic Association.
retrolisthesis) were considered as dependent variables. Anterolisthesis was a significant risk factor for poor neurological outcomes even after adjusting for other risk factors (OR, 8.9; 95% CI, 1.5-169, P < 0.05; Table 2 ). Older age was also a marginally significant risk factor (OR, 1.05; 95% CI, 1.01-1.10, P < 0.05). Retrolisthesis did not significantly affect neurological outcomes (P ¼ 0.59).
DISCUSSION
In this study, we made two important clinical observations. First, cervical anterolisthesis, but not retrolisthesis, was a predictor of poor neurological outcomes in CSM patients after cervical laminoplasty. Second, the degree of displacement and anteroposterior translation did not progress after cervical laminoplasty. Anterolisthesis, but not retrolisthesis, was a predictor of poor neurological outcomes in CSM patients after cervical laminoplasty. Kawasaki et al. 27 reported that CSM patients with anterolisthesis had a wider canal than those with retrolisthesis, although the degree of spondylolisthesis was similar. They speculated that anterolisthesis has a greater impact on the development of CSM than retrolisthesis, and CSM patients with anterolisthesis appear to have a different pathogenesis than those with retrolisthesis. Conversely, Sakai et al., 7 after investigating 76 CSM patients after cervical laminoplasty, reported that CSM patients with retrolisthesis had slightly poorer JOA recovery rates at 1 year after surgery than those with anterolisthesis (JOA recovery rate 49% and 65%, respectively); however, the precise relationship between the spondylolisthesis and responsible level of myelopathy was not investigated extensively in that study. Moreover, other potential risk factors that were not investigated might confound the results. In comparison, our study examined the relationship between spondylolisthesis and the responsible level of CSM in a precise manner using pre-and postoperative MRI and adjusted for other potential risk factors using statistical measures. Thus, the results of our study support more strongly that anterolisthesis, but not retrolisthesis, is a significant risk factor for and predictor of poor neurological outcomes in CSM patients after cervical laminoplasty.
One possible hypothesis, that accounts for the results that only anterolisthesis was a predictor of poor neurological recovery, is a pathophysiological difference between anterolisthesis and retrolisthesis. Laminoplasty comprises two distinct mechanisms for its decompression effect: a direct posterior decompression effect and indirect decompression effect resulting from posterior shift of spinal cord. 13 In anterolisthesis patients, maximum spinal cord compression occurs when the cervical spine is flexed, and the focal sagittal alignment at the level of spondylolisthesis becomes kyphotic. 28 Thus, after cervical laminoplasty, anterior spinal cord compression persists in the flexion position owing to the lack of indirect decompression effect of laminoplasty ( Figure 4A ). On the contrary, in retrolisthesis patients, maximum spinal cord compression occurs when the cervical spine is extended, and the sagittal alignment at the level of spondylolisthesis remains lordotic. 28 Therefore, after cervical laminoplasty, spinal cord compression is completely resolved due to both the direct and indirect effects of laminoplasty ( Figure 4B ). We hypothesize that these pathophysiological differences between anterolisthesis and retrolisthesis attribute to the results that anterolisthesis, but not retrolisthesis, is a predictor of poor neurological recovery in CSM patients after cervical laminoplasty. To verify this hypothesis, future prospective study using dynamic MRI after surgery is needed.
The degree of displacement and anteroposterior translation did not progress after cervical laminoplasty. These results agree with those reported previously. For instance, Sakai et al. investigated 76 CSM patients after cervical laminoplasty and found that 85% of pre-existing cervical spondylolisthesis cases stabilized at 1 year after surgery. 7 Similarly, Shigematsu et al. 13 investigated 49 CSM patients and reported that 87% of pre-existing cervical anteroposterior instability cases stabilized at 3 years after surgery. The range of motion of the cervical spine after cervical laminoplasty is reduced because of soft tissue contracture and/or unexpected bony fusion of the facet joints, and the cervical spine becomes more rigid after cervical laminoplasty.
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This secondary effect of laminoplasty might attribute to the stabilization of both pre-existing anterolisthesis and retrolisthesis.
Considering the results of our study, cervical laminoplasty is not recommended for CSM patients with anterolisthesis with a more than 3-mm anterior vertebral displacement in a flexion radiograph. On the contrary, Dean et al. 3 reported that 58 cervical spondylolisthesis patients showed excellent union rates and neurological improvement after anterior cervical decompression and arthrodesis. Moreover, Deburge et al. 8 reported that all eight patients with unstable cervical degenerative spondylolisthesis showed good results after posterior or anterior arthrodesis. Therefore, we recommend anterior or posterior decompression and fusion for CSM patients with anterolisthesis instead of cervical laminoplasty. Considering our data, where retrolisthesis did not affect the neurological recovery and no severe progression of displacement was observed after cervical laminoplasty, laminoplasty alone can achieve favorable neurological recovery in CSM patients with retrolisthesis.
There are several limitations to this study. First, there may be selection bias. Although cervical kyphosis, local kyphosis, and preoperative intramedullary signal change are generally believed to be risk factors for poor outcomes after cervical laminoplasty, these factors did not affect the outcomes significantly in our study. This might be due to the shortage of cases with these factors. In our cohort, there were only five CSM patients with cervical kyphosis more than 108 and only nine CSM patients with local kyphosis more than 138. Furthermore, only six patients did not show intramedullary high signal intensity. Second, postoperative MRI at 2-year follow-up was not available in our study because of our retrospective study design. It is unknown whether the intramedullary signal change improved or whether spinal cord compression persisted, thus, warranting future prospective study. Third, only neurological outcomes were evaluated in our study, and the effects of anterolisthesis on health-related quality-of-life outcomes, such as the 36-items Short Form Health Survey and the Neck Disability Index, were not evaluated. Future prospective studies are required to elucidate this issue.
CONCLUSION
Cervical anterolisthesis, but not retrolisthesis, is a predictor of poor neurological outcomes in CSM patients after cervical laminoplasty. Furthermore, both anterolisthesis and retrolisthesis do not progress after cervical laminoplasty. Identifying these factors will help provide appropriate information on patients and warrant future comparative studies identifying the most appropriate surgical procedure for the treatment of cervical anterolisthesis.
Key Points
We retrospectively reviewed 125 cervical spondylotic myelopathy patients to clarify the influence of cervical spondylolisthesis on neurological outcomes after cervical laminoplasty. Anterolisthesis was found to be a significant risk factor for poor neurological outcomes after cervical laminoplasty. Retrolisthesis did not affect neurological outcomes after cervical laminoplasty. Both anterolisthesis and retrolisthesis do not progress after cervical laminoplasty.
